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Motivation

Flavor-separated quark and anti-quark polarized PDF
measurement
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Polarized SIDIS measurements
(SMC, HERMES, COMPASS)
sensitive to flavor separated quark
anti-quark spin contributions

- limited by large uncertainties of

fragmentation functions

Current estimates => #(x) # d(x)

- Au(x) = Ad(x) ?

(Pauli-blocking)

At RHIC, (anti)quark polarizations measured using maximal parity

violation in W production

* no fragmentation involved

« higher scale Q? set by W mass

« extract Aii(x) and Ad(x)
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W Production in Polarized p + p

. —nn
Proton helicity ="+ o W couples to only left-handed quarks and
right-nanded anti-quarks

Vv o Longitudinal single spin asymmetry

AW _ _Au.(;rl)a_’.(;rg) — Ad(xy)u(xs)
A = _

w(ay)d(xq) + d(ay ) u(as)

(superposition of different W production criteria)

n

Flipping the spin orientation of one of the colliding protons and averaging over

the other:
where,

1 1 N*(e)—N~(e) o Niselectron yield normalized by
L=5 X7 — luminosity

P N*(e)+N-(e) . pis luminosity weighted polarization
TN )
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Sensitivity to Quark Polarizations
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Impact on Sea-quark polarizations

DSSV global analysis )

DSSV global analysis

+ simulated 200 pb™
W A, at proton-proton
collisions in RHIC

Significant impact on uncertainties
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Mid-rapidity W* — e* Analysis
Strateqy
Looking for high energy et

PC3 Central
Magnet

o Online trigger based on EMC 4x4
tower sum
« fully efficient at pr>10 GeV
o High energy EMC clusters matched
to DC tracks
* (A$ <0.02 rad)

TOF-W|

HoT =we'L

West Beam View East Basic cuts

Central arm (|n|<0.35) o Vertex cut: |z| < 30 cm

o 2arms:A¢ =T/2*2 o Removal of tracks with DC |a|<1 mrad
o Electromagnetic Calorimeter « o - bending angle
(PbSc,PbGl) o Time of Flight cut

ApxAn~0.01x0.01 _ - reduces cosmic background
o Drift (and Pad) Chambers for tracking

and charge separation
o VTX detector
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ldentifying Signal

o Detector iIs non-hermetic

UA2
2444 electron candidates
10% | -

o Cannot identify W’s on event by event | |
basis i =

o Need to form the pT spectra for decaying
_|_
e_

dn/dp} Electrons per 2 GeV/c

<

o Clear jacobian peak at ~40 GeV
— corresponds to signal

o Looking for excess of events over
background in the signal region (30-50
GeV)

10° -
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Background Processes

< 10°
Irreducible background:- 9 —— RHICBOS W+
&'_102 —— FONLL c+b max (MC)
. =9 J— ll_'_, +
o Z - et +e (partof signal) : THIA W e e’
10

o Heavy quark decay: ¢,b —» e* + X

Ilﬂjﬁ”ﬂl T IIIIIII| T TTTTI

o Wot+v,>ev,v, Vv,

10"
Reducible background:- :
107

O Charged hadrons 0_' ] '1|0l L1 !2|0| L |3|0| L 1401 L |5|4} (] ﬁlﬂ

P, (GeVic)
o " >y — ete” before DC S0

. % L \ —— RHICBOS W-
— VTXincreases photon Swe — FONLL c+b max (MC)
I —PYTHIAZ [y —¢
conversions s | PYTHIA We—s1 e

10

(thickness ~14% X))

o Cosmic background
10"
o Accidental track match

| I IIIIIII| IIIII||T|

10?2

IIIIIIIIIIIIIIl _.‘JlIIIII

10 20 30 40 50 60
UMass) p, (GeVic)
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VTX Conversions

phiV is the angle plane of pair makes VTX conversions
with plane normal to beam direction N n2d 1,
- I
o RIS 0 g i
D+ Pet Conversion pair be® S o) 0 simulations

XM conversions in
cll VTX barrels
~and electronic
support

0.6
mee[GeV]

Isolation cut

Before isolation cut After isolation cut

phiV:mee (abs(recz <30 &4& dealpha<1000 && phiv<0.5 &8 mee<0.6} phiVimee (abs(recz)<30 &8 dealpha<1000 88 phiv<0 5 &4 mee<0.6 &4 sobit<0.1}

. . E -F ; + ]
rel. isolation cut = Etet=Ecandidate)*Ppc ;) o

Ecandidate

cone of R=0.4 < 10%
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|solation Cut

g ; - Positive Charge
é — - EMCal cluster associated with track
a;%.- 10° = - 10% Relative Isolation cut added
4 - -
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The relative isolation cut removes
more than a factor of 10 in the
background dominated region
(10-20 GeV) while leaving the
signal region (30-50 GeV)
relatively untouched
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Run 13 W* Spectra

% _a) —+-Data b) Uncertainty in
S 10° = —— Jacobian peak with= background =
) ] GPR fit - W7 Z et -
9} : —— Background - 7 ete ]
2107 - _
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2 i ] i
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Latest results arXiv:1504.07451
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http://arxiv.org/abs/1504.07451

Run 13 W= Spectra

Signal region: 30 < pr < 50 GeV Background region: 10 < py < 20 GeV
Background estimation using two independent methods:
o Gaussian Processes for Regression (GPR) fit simultaneously with simulated
. 1 . .
o Modified power law {f (py) = . [0]+[1]*10g(pT)} jacobian peak shape
T
% a) —+— Data b) Uncertainty in
= 10° = —— Jacobian peak with= background 3
() - GPR fit - —-=- WY Z et ]
9 - —— Background - Z —e'e .
(O 2 N - ]
i €
Z B T §
-O — - -
10¢ E3 E
ki E E
E 2' L E E
=
S -2F | | , | s | | | | e
3 10 20 30 40 50 60 10 20 30 40 50 60

p$ [GeV/c] p$ [GeV/c]
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Background Estimation

Using Gaussian Processes for Regression (GPR)
Simulated data Simulated data

-
10° E—_.. 1
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o Use background controlled region to get a shape and extrapolate to the signal
region.
o GPR gives the background contribution and its uncertainty.
o The results have been cross checked using a classic functional form (modified
power law).
— good agreement
— any differences are included in systematic errors.

~— _
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Asymmetry Calculation

4, 1 N*(e)— N (e)

~ P N*(e) + N-(e)

At RHIC, two beams in opposite directions, 120
bunches in each ring, with helicity of pairs

alternating.

Calculate asymmetry taking BLUE beam as
polarized, averaging over YELLOW beam.

Repeat by taking YELLOW beam as polarized,

averaging over BLUE beam.

Combine results (weighted averages).

Asymmetry is also calculated using a likelihood

method.

Asymmetry result corrected for background

where,

o N s electron yield

o P is luminosity weighted
polarization

RHIC
Polarimeters

BRAHMS
O PP2pP

Yellow Beam Blue Beam
through dilution factor.
—~— .
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Single-Spin Asymmetry A;

Year \s (GeV) JLdt (pbD) Pol. (%) P2L (pb-)
2011 500 19.8 51 51
2012 510 34.7 56 10.9
2013 510 184.0 55 55.6
arXiv:1504.07451
05 2y ws2? I b) W+2° ;o Run 2011, 2012 and 2013 results
04" pHENIX Run 2011 (500 GeV) + I E have been finalized.
0_3;' Run 2012 (510 GeV) |n [<0.35 | s ,
0ok T < o 27 times more statistics compared to
"I PHENIX Run 2013 p+p 510 GeV ] 2009 PHENIX data.
0.1 In_|<0.35 g Tl et 4
[ T i ] . . .
< GE Fe_;/??:c‘;;lg\r?zcation scale uncert. not shown) FoommmmTT ; O SmeItted for pUbllcatlon
0.1 T _ E arXiv:1504.07451
B T CHE NLO calculations ]
03 { - Dssvi4 + o Good agreement with the
o4l  |NNPDFpolt.1 - NNPDFpoll.1 set
05 | | | |+ | | | | | 4
-04 -0.2 0 02 0404 -02 0 02 04
ne Tle
TN .
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http://arxiv.org/abs/1504.07451

Single-Spin Asymmetry A;

Year Vs (GeV) fLdt (pb-Y) Pol. (%) P2L (pb-l)

2011 500 19.8 51 5.1

2012 510 34.7 56 10.9

2013 510 184.0 55 55.6
arXiv:1504.07451

0.8-a) e’ ]

PHENIX 2011-2013 W*+Z° |

‘b)e ]

lo Comparison with STAR results.

0.6-  °|n|<0.35 p%>30 GeVic T .

- IO p30 Gelle lo Both data sets show the same trend
0.4r  STAR 2012 W T + + .-| 7 with respect to the DSSV central

o > eVic T - ]
02-| — + J[ - 1 values.

1 CHE NLO calculations

4 T pS > 25 GeVic

DSSV 14 W*+Z°

T = p*; > 30 GeV/c _

DSSV 14 W*

_1|.|:II\‘II\I'\\\I‘II\\‘\\II'\I\%

-1 -05 0 05 1
n

e
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{o Show preference to a larger Au

contribution.
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Single-Spin Asymmetry A;

Year Vs (GeV) JLdt (pb-) Pol. (%) P2L (pb-)
2011 500 19.8 51 5.1
2012 510 34.7 56 10.9
2013 510 184.0 55 55.6

PhysRevD.91.094033

o Comparison with STAR results.

1.0 T

PH -

O PHENIX &~

® PHENIX e*

o Both data sets show the same trend

with respect to the DSSV central
values.

1 o Show preference to a larger Au

contribution.

< o Featured in the latest theory

calculation

ENIX

« overall agreement with the
available predictions.
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Forward W* — u* Analysis

— Muon arms
I 5y, com i o 1.2<n<2.4 (North), -2.2<n<1.2
Y, < (South)
s ﬁ | “"E"\L A = 211
geson 12 RS wevn o Muon Tracker (MuTr)
iz mp & | — tracking, momentum
w measurement
Y South Side View North I © Muon Id.entiﬁer (MUID)
T =h > — particle 1D

o Resistive Plate Chamber (RPC)

— timing improvement, background rejection
o Forward Vertex Detector (FVTX)

— high resolution tracking
o Fully upgraded in 2012

— trigger to reject low momentum muons

TN .
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Background Processes

W~— ¢~

W+

—>ﬂ+

_ Forward arm (,u,i)

W fake BG

N/
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2N

1
20

|
]
Transverse Momentum [GeWc]

No jacobean peak to distinguish
signal from background

o Hadronic BG:

Low energetic hadrons decay within
MuTr, misreconstructed as high pT track
=>"fake muons”

o Muon BG:
From heavy flavor, quarkonia, Drell-Yan;
get smeared to high pT

F—m“;—,“" —
M _—
e 8 0 10° _— P."Pm’“m W RHICBOS (W+Zf W ron B
PYTHIA = .y — p+p collisions at 500 GeV (2011} @ w*\ 7,y
: > — B Data (u-1D trigger) o
Central arm (et) (bu 10_ - Dﬂtﬂil:glh-p_l_ :l trigzer)
' — ~aw [rata
= —
]
A
= 10
o
<
= 1y!
510
o

0 20
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40 60
p! [GeV/c]

High pt track

decay track

low pt track
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Analysis Strategy

Multivariate cut for pre-selection:
o Determine likelihood “A” of an event
to be signal or background

A = p(DGO, DDGO)p(chi2)p(DCA)p(Rpel/3dea)p(drspex * dBppex )P(dPpoex)

o Calculate “Wness” defined as

A

These variables would have
some “trace” of multiple scattering...| |

Wness = Stg
)\Sig‘l")\bkg . .
data
0 B (MC) wiz +u BG
o i i i . [ (MC) wiz
Asig - from Pythia+PISA MC simulation | dan- iz 050
Apkg - from data 1Y U R —
10
o Events with Wness > 0.92 are 1
selected e

102
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Background Estimation

Unbinned maximum likelihood fit
o Signal and background fractions calculated
minimizing likelihood function

nN,\?!n lﬂ[{Z%pc(xi)} n=2.n

XiEX C

L(0] X)

Pc(X;) — probability distribution functions from
simulation (W signal, muon BGs) and data
(hadron BGs) using n, dw23

Xj = (77| ,dW23i) 0= (nsig’ny’nhad)

o Hadronic BG dominates at low Wness
— extrapolate dw23 to Wness > 0.92

bln(O) X d¢23

=

dw23 distributions (16 < p; < 60 GeV/c, f > 0.02)

St-2

St-3

dw23 = pr xsin(8) xdgy3

(reduced azimuthal bending)

10]

l!lll! lI!lIl!lll
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PH

Signal / Background Ratio

2200
%150;:'97' 1D projections of 2D unbinned
5 ez, maximum likelihood fit
100:-_“IBG
- o 16<p;<60GeV/c, f>0.92
50
it / s o Use n and dw23 fits to count
i R S & and calculate S/B
é 1401 -2.5 <y <-1.1:u" candidates
%‘20; j o S/B ratio used as a dilution

factor to calculate the
corrected asymmetry.
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Forward Asymmetry Results

1.0 p——————
- W Zoptet Pi=16 GeV P} >30GeV ]
Fun 13: p+pat {s =510 GeV =] ;-Li' (2013) [m] AT_(EGG‘)-EG[EJ 10
' (=] A (2013) ]
| B NNPDFpoll.l |
DS — GRSV STD
i — DS8Y i
I — DNS KKP 1 O
i — DMS Kretzer
0.0
-0.5F
| []-: _—
Tt W4+f—w e Ry e +  STAR AS(PRL 113 {2014) 072301)
[ #° PHOENIX  * "7 DSSVE>25GeV — |
I preliminary i B 1
0.5 -
0.0F=r—F
-0.5F o .
I Sampled Luminosity: 277 ph : per arm (2013)
_I.D- I i i i i
-2 -1 0 | 2
N,
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Run 2013 preliminary results.

Results are in agreement with
theoretical predictions within
uncertainties.

Currently working to improve
the systematic uncertainties.

Moving towards the final result
and publication.

Nerangika Bandara (UMass)
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Summary

** Run 2013 :-

 PHENIX recorded more than two times the statistics from
Run 2011 and 2012 combined

« Single spin asymmetries A; have been measured are
consistent with DSSV global analysis.
— W — e results favoring larger Au contribution.

« W — e results have been submitted for publication along
with 2011 and 2012 data.

« W - u preliminary results have been presented.

« Improved precision will reduce uncertainties on Au(x) and
Ad(x)

With Run 2013 and previous results, RHIC W program is
expected to improve our knowledge on polarized sea quark
distributions.

N .
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All sampled functions

i
s, e
(TG T e

S

2 ([F

| |

T2 0
« Through the use of a covariance function determined from the data the GPR
can make predictions for data sufficiently close to the input set.

« It samples over a whole class of functional forms and returns predictions that
are consistent with the data.

— The class is determined by the covariance function

« Sampling over these functions and filling a 2D histogram will give a Gaussian
distribution for each prediction point

« The mean of the Gaussian distribution is the prediction and the sigma is the
uncertainty
—v_‘ )
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